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Abstract

Fire is a powerful and enduring force that has had, and
will continue to have, a profound influence on
National Park Service (NPS) lands. Fire management
decisions within the National Park Service require
information on fire behavior and on the effects of fire
on park resources. With good reason, the public is
holding park management increasingly accountable,
especially in the area of fire management. Federal and
state agencies are instituting progressively more strin-
gent guidelines for burning, monitoring, and evalua-
tion. The impetus behind these guidelines and the
purpose of this handbook are to ensure that manage-
ment objectives are being met, to provide guidance
that can prevent fire management problems from
developing, to limit possible legal actions against the
agency, and to ensure that all parks collect at least the
minimum information deemed necessary to evaluate
their fire management programs.

There are many benefits to establishing these standard-
ized data collection procedures. Uniformly-gathered
data will facilitate information exchange among parks
and provide historical program documentation and
databases useful for refinements of the parks’ fire
management programs. In addition, standard proce-
dures will enable fire monitors to move to or assist
other parks without additional training.

The fire monitoring program described in this Fire
Monitoring Handbook (FMH) allows the National
Park Service to document basic information, to detect
trends, and to ensure that each park meets its fire and
resource management objectives. From identified
trends, park staff can articulate concerns, develop
hypotheses, and identify specific research studies to
develop solutions to problems.

This handbook is intended to facilitate and standardize
monitoring for National Park Service units that are
subject to burning by wildland or prescribed fire. This
handbook defines and establishes levels of monitoring
activity relative to fire and resource management
objectives and fire management strategies. At each suc-
cessive level, monitoring is more extensive and com-
plex. level 1 covers environmental monitoring, and
levels 2, 3, and 4 call for monitoring of fire conditions,
short-term change, and long-term change, respectively.

The levels are cumulative, requiring users to include all
levels below the highest specified.

The standards outlined in this handbook require moni-
toring at all four levels for prescribed fires. For levels 1
to 3, the handbook describes Recommended Standard
variables, including fire conditions and vegetation
parameters. Procedures and recommended frequencies
for monitoring and analysis are also specified.
Depending on a park’s management objectives, a park
may need a specific monitoring design beyond or
instead of the design covered in this handbook. Refer-
ences to different monitoring procedures are provided
in the appendices.

A standardized system to cover the wide diversity of
areas within the National Park Service will need fine-
tuning from park to park. To facilitate this, each park
will receive oversight and review for its monitoring
program from its regional fire monitoring program
manager, and refinements to this Fire Monitoring
Handbook will be made as necessary. Until a subse-
quent revision of this handbook is published, these
refinements will be made available on the Internet at
<www.nps.gov/fire/fmh/index.htm>. Also at this
website is information on how parks are using their
data, how to order extra copies of this handbook, and
how to download the associated software.

USDI National Park Service. 2003. Fire Moni-
toring Handbook. Boise (ID): Fire Manage-
ment Program Center, National Interagency
Fire Center. 274p.

You may order additional copies of this publication
by sending your mailing information through the
FMH website: <www.nps.gov/fire/fmh/
index.htm>.

Keywords: Fire Behavior, Fire Monitoring, Adaptive
Management, Vegetation Monitoring, Sampling,
Sampling Design, Objective Development, Wildland
Fire, Prescribed Fire.
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Use of this Handbook

The handbook presents detailed instructions for fire

monitoring in a variety of situations. The instructions
are organized around the management strategies fre-

quently used to meet specific objectives.

Each chapter covers a different aspect of fire effects
monitoring. You will find an overview of each area,
and the functions within that area, at the beginning of
each chapter.

Chapter 1: Introduction—an overview of the entire
National Park Service Fire Monitoring program.

Chapter 2: Environmental and Fire Observation—a
detailed discussion of the monitoring schedule and
procedures involved with monitoring levels 1 (environ-
mental) and 2 (fire observation).

Chapter 3: Developing Objectives—development of
objectives and the basic management decisions neces-
sary to design a monitoring program. This basic design
is expanded upon in chapter four.

Chapter 4: Monitoring Program Design—detailed
instructions for designing a monitoring program for
short-term and long-term change, randomizing moni-
toring plots, and choosing monitoring variables.

Chapter 5: Vegetation Monitoring Protocols—
detailed procedures for reading plots designed to mon-
itor prescribed fires (at levels 3 and 4) for forest, grass-
land and brush plot types.

Chapter 6: Data Analysis and Evaluation—guidance
for data analysis and program evaluation.

Appendices: data record forms, random number
tables, aids for data collection, useful equations, refer-
ences describing methods not covered in this hand-
book, and handbook references.

This handbook is designed to be placed in a binder so
that you can remove individual chapters and appendi-
ces. You can detach the instructions for the applicable
monitoring level required for a fire from the binder
and carry them into the field for easy reference.

Field Handbook

If you need a small portable version of this

handbook, use a copy machine to create a ¥ size
version of the pages you will need in the field (e.g.,
Chapter 5, Appendix C).
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Symbols Used in this Handbook

Note: Refer to the Index for the location of the fol-
lowing symbols within this handbook.

Reminder

i This symbol indicates information that
you won't want to forget!

Tip from the Field

This symbol indicates advice from expe-
rienced field folks. Additional field tips
may be found in Elzinga and others
(1998), pages 190-1 (marking the plot),
192-6 (field equipment) and page 406
(general field tips).

Warning

This symbol denotes potentially hazard-
ous or incorrect behavior. It is also used
to indicate protocol changes since the

last revision of this Fire Monitoring
Handbook (NPS 1992).
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Introduction

Fire is a powerful and enduring force that has had,
and will continue to have, a profound influence on
National Park Service (NPS) lands. Restoring and
maintaining this natural process are both impor-
tant management goals for many NPS areas. There-
fore, information about the use and effects of
prescribed fire on park resources is critical to
sound, scientifically-based management decisions.
Using results from a high quality monitoring pro-
gram to evaluate your prescribed fire management
program is the key to successful adaptive manage-
ment. By using monitoring results to determine
whether you are meeting your management objec-
tives, you can verify that the program is on track,
or conversely, gather clues about what may not be
working so that you can make appropriate
changes.

This fire monitoring program allows the National
Park Service to document basic information, to
detect trends, and to ensure that parks meet their
fire and resource management objectives. From
identified trends, park staff can articulate concerns,
develop hypotheses, and identify specific research
projects to develop solutions to problems. The
goals of the program described here are to:

Document basic information for all wildland
fires, regardless of management strategy
Document fire behavior to allow managers to
take appropriate action on all fires that either:
* have the potential to threaten resource values
* are being managed under specific constraints,
such as a prescribed fire or fire use
Document and analyze both short-term and
long-term prescribed fire effects on vegetation
Establish a recommended standard for data col-
lection and analysis techniques to facilitate the
sharing of monitoring data
Follow trends in plant communities where fire
effects literature exists, or research has been
conducted
Identify areas where additional research is needed

“Not everything that can be counted counts, and not everything that counts can be counted.”

—Albert Einstein

This Fire Monitoring Handbook (FMH) describes
the procedures for this program in National Park
Service units.

FIRE MONITORING POLICY

Staff in individual parks document the rationale,
purpose, and justification of their fire management
programs in their Natural Resource Management
Plans and Fire Management Plans. Director’s
Order #18: Wildland Fire Management (DO-18)
(USDI National Park Service 1998) outlines
National Park Service fire management policies,
which are expanded upon in Reference Manual-18:
Wildland Fire Management (RM-18) (USDI
National Park Service 2001a).

Provisions of NEPA

The National Environmental Policy Act (42 USC
4321-4347), NEPA (1969), mandates that monitor-
ing and evaluation be conducted to mitigate human
actions that alter landscapes or environments. The
Code of Federal Regulations (CFR) provides the
following legal directives:

40 CFR Sec. 1505.03
“Agencies may provide for monitoring to
assure that their decisions are carried out and
should do so in important cases.”

40 CFR Sec. 1505.2(cl)
“A monitoring and enforcement program shall
be adopted and summarized when applicable
for any mitigation.”

DO-18: Wildland Fire Management

DO-18: Wildland Fire Management (USDI NPS
1998) directs managers to monitor all prescribed
and wildland fires. Monitoring directives (summa-
rized here from DO-18) are:

Fire effects monitoring must be done to evaluate
the degree to which objectives are accomplished




Long-term monitoring is required to document
that overall programmatic objectives are being met
and undesired effects are not occurring
Evaluation of fire effects data are the joint respon-
sibility of fire management and natural resource
management personnel

Neither DO-18 nor RM-18 describes how monitoring
is to be done. This handbook provides that guidance
by outlining standardized methods to be used through-
out the National Park Service for documenting, moni-
toring, and managing both wildland and prescribed
fires.

RECOMMENDED STANDARDS

This handbook outlines Recommended Standards
(RS) for fire monitoring within the National Park Ser-
vice. These standard techniques are mandatory for
Environmental (level 1) and Fire Observation

(level 2) monitoring. The techniques presented for
Short-term change (level 3) and Long-term change
(level 4) monitoring are confined to vegetation
monitoring, and will not answer all questions

about the effects of fire management programs on
park ecosystems. Many parks will require addi-
tional research programs to study specific issues
such as: postburn erosion, air and water quality,
wildlife, cultural resources, and the cumulative
effects of burning on a landscape scale. Parks are
encouraged to expand long-term monitoring to
include any additional physical or biotic ecosystem
elements important to management but not cov-
ered by these Recommended Standards.

Consult a regional fire monitoring coordinator, local
researcher, resource manager, and/or fire manager
before eliminating or using protocols other than

the Recommended Standards. For example, park
managers should not eliminate fuel transects in a
forest plot because they do not want to spend the
time monitoring them. However, if during the

pilot sampling period (see page 43) another sampling
method performs better statistically than a method
prescribed by this handbook; it is then recommended
that you substitute this other sampling method.

SOME CAUTIONS

Monitoring vs. Research

Monitoring (as defined in the Glossary) is always
driven by fire and resource management objectives,

and is part of the adaptive management cycle. As
part of this cycle, it is used to measure change over
time, and can therefore help evaluate progress
toward or success at meeting an objective. Monitor-
ing can also provide a basis for changing manage-
ment actions, if needed.

Research (as defined in the Glossary) is often
focused on identifying correlation of change with a
potential cause. Few monitoring projects can iden-
tify this correlation. As you move along the contin-
uum from monitoring to research, you gain
increased confidence as to the cause of a response,
often with an associated increase in study costs.
Because a monitoring program does not control for
potential causes, monitoring data should not be
mistaken for information on cause and effect. If
you need causality data for a management objec-
tive, you will need input from a statistician and/or
research scientist for a research study design.

A distinction has traditionally been made between
research and monitoring, but as monitoring programs
become better designed and statistically sound, this
distinction becomes more difficult to discern. A moni-
toring program without a well-defined objective is like
a research experiment without a hypothesis. Likewise,
statistically testing whether an objective has been met
in @ monitoring program is very similar to hypothesis
testing in a research experiment. Knowing which sta-
tistical test is appropriate, along with the assumptions
made by a particular test, is critical in order to

avoid making false conclusions about the results.
Because statistical procedures can be complex, it is
recommended that you consult with a statistician
when performing such tests.

Control Plots

Install control plots (see Glossary, and page 52) when
it is critical to isolate the effects of fire from other
environmental or human influences, or to meet spe-
cific requirements, e.g., a prescribed fire plan. Control
plot sampling design will necessarily be specific to the
site and objective, and will require assistance from sub-
ject-matter experts.

Alternative Methods

If your management staff chooses objectives that
you cannot monitor using the protocols discussed
in this handbook, you will need to develop appro-
priate sampling methods. For example, objectives
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set at the landscape level (large forest gaps), or that
relate to animal populations would require additional
methods. Appendix G lists several monitoring refer-
ences for other sampling methods. Develop custom-
ized monitoring systems with the assistance of subject-
matter experts. Your regional fire monitoring coordi-
nator must review any alternative methodology.

Required Research

Park staff should have fire management program
objectives that are definable and measurable (see
page 20) and knowledge to reasonably predict fire
effects. If these criteria are not met, fire ecologists
should conduct research to determine the role of
fire in the park and develop prescriptions capable
of meeting park management objectives. The park
may need to delay implementation of its prescribed
fire management program until these issues are
resolved. Following this resolution, monitoring
must be initiated to assess the need for changes in
the program.

FIRE MANAGEMENT STRATEGIES

This handbook is organized around fire management
strategies that are directed by resource and fire man-
agement objectives. A Recommended Standard
monitoring level is given for each management
strategy. Table 1 outlines monitoring levels required
for wildland fire management strategies. The informa-
tion collected at each of these levels is the recom-
mended minimum; park staffs are encouraged to
collect additional information within their monitoring
programs as they see fit.

Suppression

Park managers often set fire suppression goals in
order to minimize negative consequences of wild-
land fires. A fire suppression operation will have
well-established and standardized monitoring needs
based on these goals. For most suppressed wildland
fires, monitoring means recording data on fire
cause and origin, discovery, size, cost, and location.
This is the reconnaissance portion of level 2 moni-
toring (fire observation; see page 9).

Monitoring the effect of suppressed wildland fires on
vegetation or other area-specific variables of special
concern may produce valuable information on fire
effects, identify significant threats to park resources, or
permit adjustments to appropriate suppression actions.
This information may drive the need for a rehabilita-
tion response to a wildland fire.

An additional caution here is that fire funds will not
pay for levels 3 and 4 monitoring of suppression
fires.

Wildland Fire Use

Fire management programs that focus on maintaining
natural conditions in native ecosystems generally need
different management strategies and have different
monitoring needs. These programs will meet the Rec-
ommended Standard by collecting the data needed to
complete Stage | of the Wildland Fire Implementation
Plan (see Glossary). This is Fire Observation level 2
monitoring, which includes reconnaissance (see page
9) and fire conditions (see page 11).

Table 1. Wildland fire management strategies and Recommended Standard (RS) monitoring levels.

Management Strategy RS Level

Suppression: All management actions are intended to extinguish or limit the growth of the 1. Environmental

fire.

2. Fire Observation
—Reconnaissance

Wildland Fire Use: Management allows a fire started by a natural source to burn aslongasit 1. Environmental

meets prescription standards.

2. Fire Observation
—Reconnaissance
—Fire Conditions

Prescribed Fire: Management uses intentionally set fires as a management tool to meet 1. Environmental

management objectives.

2. Fire Observation
—Reconnaissance
—Fire Conditions

3. Short-term Change

4. Long-term Change
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Prescribed Fire

Prescribed fire requires a much more complex moni-
toring system to document whether specific objec-
tives are accomplished with the application of fire.
The Recommended Standard here includes a hierar-
chy of monitoring levels from simple reconnais-
sance to the complex monitoring of prescriptions,
immediate postburn effects, and the long-term
changes in vegetation community structure and
succession. Measuring the effectiveness of pre-
scribed fire for natural ecosystem restoration may
take decades.

Managers can use research burns to expand their
knowledge of fire ecology. However, this handbook
does not cover the sampling design necessary for these
burns. Your regional fire ecologist can assist you with
this design.

PROGRAM RESPONSIBILITIES OF NPS
PERSONNEL

Implementation of this monitoring program
requires substantial knowledge. Park fire manage-
ment officers and natural resource managers must
understand ecological principles and basic statistics.

Park superintendents are responsible for implementing
and coordinating a park’s fire monitoring program.
They also may play active roles on program review
boards established to assess whether monitoring
objectives are being met, and whether information
gathered by a monitoring effort is addressing key park
issues.

Fire management personnel are responsible for
assuring the completion of environmental monitor-
ing (level 1) as part of the fire management plan
process, as well as daily observations and continual
field verification.

Fire management personnel are also responsible for
collecting fire observation monitoring data (level 2)
for each fire. These observations are needed as part of
the Initial Fire Assessment, which documents the deci-
sion process for the Recommended Response Action.
This then becomes Stage | in the Wildland Fire Imple-
mentation Plan for a “go” decision to elicit the appro-
priate management response.

Natural resource and fire management personnel are
responsible for monitoring design and the evaluation

of short-term and long-term change data (levels 3
and 4). They are also responsible for quality con-
trol and quality assurance of the monitoring pro-
gram.

Field technicians are responsible for collecting and
processing plot data, and must be skilled botanists.

Park and regional science staff, local researchers, statis-
ticians and other resource management specialists may
act as consultants at any time during implementation
of the monitoring program. Consultants may be par-
ticularly valuable in helping to stratify monitoring
types, select monitoring plot locations, determine the
appropriate numbers of monitoring plots, evaluate pre-
liminary and long-term results, and prepare reports.

Local and regional scientists should assure that those
research needs identified by monitoring efforts are
evaluated, prioritized, designed, and incorporated into
the park’s Resource Management Plan. These staff
should assist, when needed, in the sampling proce-
dures designed to determine whether short-term
objectives are met, and in the analysis of short-term
change and long-term change monitoring data. They
should work with resource management staff to evalu-
ate fully any important ecological results and to
facilitate publication of pertinent information.

These efforts should validate the monitoring pro-
gram, or provide guidance for its revision. Local
researchers should also serve on advisory commit-
tees for park units as well as on program review
boards.

The National Office (located at the National Inter-
agency Fire Center (NIFC)) will ensure that minimum
levels of staff and money are available to meet pro-
gram objectives. This includes the assignment of a
regional fire monitoring specialist to ensure 1) consis-
tency in handbook application; 2) quality control and
quality assurance of the program; 3) timely data pro-
cessing and report writing; and 4) coordination of peri-
odic program review by NPS and other scientists

and resource managers. See the NPS policy docu-
ment RM-18 for the essential elements of a pro-
gram review (USDI NPS 2001a).

FIRE MONITORING LEVELS

The four monitoring levels, in ascending order of com-
plexity, are Environmental, Fire Observation,
Short-term Change, and Long-term Change. These
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four levels are cumulative; that is, implementing a
higher level usually requires that you also monitor
all lower levels. For example, monitoring of short-
term change and long-term change is of little value
unless you have data on the fire behavior that pro-
duced the measured change.

Gathering and Processing Data

Data are gathered following the directions and stan-
dards set in this handbook. Instructions are in each
chapter and the forms are located in Appendix A.
Software is available (Sydoriak 2001) for data entry and
basic short-term and long-term change data analyses.
You can order the FMH.EXE software and manual
from the publisher of this handbook, or via the Inter-
net at <www.nps.gov/fire/fmh/index.htm>.

Data entry, editing, and storage are major components
of short-term change and long-term change monitor-

ing (levels 3 and 4). For levels 3 and 4, monitoring staff
should expect to spend 25 to 40 percent of their time

on such data management.

Level 1: Environmental

This level provides a basic overview of the baseline
data that can be collected prior to a burn event. Infor-
mation at this level includes historical data such as
weather, socio-political factors, terrain, and other fac-
tors useful in a fire management program. Some of
these data are collected infrequently (e.g., terrain);
other data (e.g., weather) are collected regularly.

Level 2: Fire Observation

Document fire observations during all fires. Monitor-
ing fire conditions calls for data to be collected on
ambient conditions as well as on fire and smoke
characteristics. These data are coupled with infor-
mation gathered during environmental monitor-

ing to predict fire behavior and identify potential
problems.

Level 3: Short-term Change

Monitoring short-term change (level 3) is required
for all prescribed fires. Monitoring at this level pro-
vides information on fuel reduction and vegetative
change within a specific vegetation and fuel com-
plex (monitoring type), as well as on other vari-
ables, according to your management objectives.
These data allow you to make a quantitative evalua-
tion of whether a stated management objective was
met.

Vegetation and fuels monitoring data are collected pri-
marily through sampling of permanent monitoring
plots. Monitoring is carried out at varying frequen-
cies—preburn, during the burn, and immediately post-
burn; this continues for up to two years postburn.

Level 4: Long-term Change

Long-term change (level 4) monitoring is also
required for prescribed fires, and often includes moni-
toring of short-term change (level 3) variables sam-
pled at the same permanent monitoring plots over a
longer period. This level of monitoring is also con-
cerned with identification of significant trends that can
guide management decisions. Some trends may be use-
ful even if they do not have a high level of cer-

tainty. Monitoring frequency is based on a

sequence of sampling at some defined interval

(often five and ten years and then every ten years)
past the year-2 postburn monitoring. This long-

term change monitoring continues until the area is
again treated with fire.

This handbook’s monitoring system does not specify
the most appropriate indicators of long-term change.
Establishment of these indicators should include
input from local and/or regional ecologists and
should consider: 1) fire management goals and
objectives, 2) local biota’s sensitivity to fire-induced
change, and 3) special management concerns.
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Environmental & Fire Observation

“Yesterday is ashes, tomorrow is wood, only today does the fire burn brightly.”

—Native North American saying

The first two monitoring levels provide information to guide fire management strategies for wildland and pre-
scribed fires. Levels 1 and 2 also provide a base for monitoring prescribed fires at levels 3 and 4.

Monitoring Level 1: Environmental Monitoring

Environmental monitoring provides the basic back-
ground information needed for decision-making. Parks
may require unique types of environmental data due to
the differences in management objectives and/or their
fire environments. The following types of environ-
mental data can be collected:

» Weather

Fire Danger Rating

Fuel Conditions

Resource Availability

Concerns and Values to be Protected

Other Biological, Geographical or Sociological
Data

MONITORING SCHEDULE

Collect environmental monitoring data hourly, daily,
monthly, seasonally, yearly, or as appropriate to the rate
of change for the variable of interest, regardless of
whether there is a fire burning within your park.

You can derive the sampling frequency for environ-
mental variables from management objectives, risk
assessments, resource constraints or the rate of ecolog-
ical change. Clearly define the monitoring schedules at
the outset of program development, and base them on
fire and resource management plans.

PROCEDURES AND TECHNIQUES

This handbook does not contain specific methods for
level 1 monitoring, but simply discusses the different
types of environmental monitoring that managers may

use or need. You may collect and record environmen-
tal data using any of a variety of methods.

Weather

Parks usually collect weather data at a series of Remote
Automatic Weather Stations (RAWS) or access data
from other sources, e.g.,, NOAA, Internet, weather sat-
ellites. These data are critical for assessment of current
and historical conditions.

You should collect local weather data as a series of
observations prior to, during and after the wildland or
prescribed fire season. Maintain a record of metadata
(location, elevation, equipment type, calibration, etc.)
for the observation site.

Fire Danger Rating

Collect fire weather observations at manual or auto-
mated fire weather stations at the time of day when
temperature is typically at its highest and humidity is at
its lowest. You can then enter these observations are
into processors that produce National Fire Danger
Rating System (NFDRS) and/or Canadian Forest Fire
Danger Rating System (CFFDRS) indices. These indi-
ces, in combination with weather forecasts, are used to
provide information for fire management decisions
and staffing levels.

Fuel Conditions

The type and extent of fuel condition data required are
dependent upon your local conditions and manage-
ment objectives.

 Fuel type: Utilize maps, aerial photos, digital data,
and/or surveys to determine and map primary




fuel models (Fire Behavior Prediction System fuel
models #1-13 or custom fuel models).

» Fuel load: Utilize maps, aerial photos, digital data,
and/or surveys to determine and map fuel load.

* Plant phenology: Utilize on-the-ground obser-
vations, satellite imagery, or vegetation indices to
determine vegetation flammability.

» Fuel moisture: Utilize periodic sampling to
determine moisture content of live fuels (by spe-
cies) and/or dead fuels (by size class). This infor-
mation is very important in determining potential
local fire behavior.

Resource Availability

Track the availability of park and/or interagency
resources for management of wildland and prescribed
fires using regular fire dispatch channels.

Concerns and Values to be Protected

The identification and evaluation of existing and
potential concerns, threats, and constraints concerning
park values requiring protection is an important part
of your preburn data set.

Improvements: Including structures, signs, board-
walks, roads, and fences

Sensitive natural resources: Including threatened,
endangered and sensitive species habitat, endemic
species and other species of concern, non-native
plant and animal distributions, areas of high erosion
potential, watersheds, and riparian areas
Socio-political: Including public perceptions, coop-
erator relations, and potential impacts upon staff,
visitors, and neighbors

Cultural-archeological resources: Including arti-
facts, historic structures, cultural landscapes, tradi-
tional cultural properties, and viewsheds
Monitoring-research locations: Including plots
and transects from park and cooperator projects
Smoke management concerns: Including non-
attainment zones, smoke-sensitive sites, class 1 air-
sheds, and recommended road visibility standards

Other Biological, Geographical and Sociological
Data

In addition to those data that are explicitly part of your
fire management program, general biological, geo-
graphical and sociological data are often collected as a
basic part of park operations. These data may include:
terrain, plant community or species distribution, spe-
cies population inventories, vegetation structure, soil

types, long-term research plots, long-term monitoring
plots, and visitor use.

Using data for decision-making

Any of several software packages can help you manage
biological and geographical data from your fire moni-
toring program, and make management decisions.
Obtain input from your regional, national or research
staff in selecting an appropriate software package.
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Monitoring Level 2: Fire Observation

Fire observation (level 2) monitoring, includes two stages. First, reconnaissance monitoring is the basic assess-
ment and overview of the fire. Second, fire conditions monitoring is the monitoring of the dynamic aspects of the

fire.

Reconnaissance Monitoring

Reconnaissance monitoring provides a basic overview
of the physical aspects of a fire event. On some wild-
land fires this may be the only level 2 data collected.
Collect data on the following variables for all fires:

* Fire Cause (Origin) and Ignition Point

* Fire Location and Size

* Logistical Information

* Fuels and Vegetation Description

* Current and Predicted Fire Behavior

* Potential for Further Spread

* Current and Forecasted Weather

* Resource or Safety Threats and Constraints
» Smoke Volume and Movement

MONITORING SCHEDULE

Reconnaissance monitoring is part of the initial fire
assessment and the periodic revalidation of the Wild-
land Fire Implementation Plan. Recommended Stan-
dards are given here.

Initial Assessment

During this phase of the fire, determine fire cause and
location, and monitor fire size, fuels, spread potential,
weather, and smoke characteristics. Note particular
threats and constraints regarding human safety, cul-
tural resources, and threatened or endangered species
or other sensitive natural resources relative to the sup-
pression effort (especially fireline construction).

Implementation Phase

Monitor spread, weather, fire behavior, smoke charac-
teristics, and potential threats throughout the duration
of the burn.

Postburn Evaluation
Evaluate monitoring data and write postburn reports.

PROCEDURES AND TECHNIQUES

Collect data from aerial or ground reconnaissance and
record them on the Initial Fire Assessment. Forms
FMH-1 (or -1A), -2 (or -2A), and -3 (or -3A) (Appen-

dix A) will help with documentation of repeated field
observations.

Fire Cause (Origin), and Ignition Point

Determine the source of the ignition and describe the
type of material ignited (e.g., a red fir snag). It is impor-
tant to locate the origin and document the probable
mechanism of ignition.

Fire Location and Size

Fire location reports must include a labeled and dated
fire map with appropriate map coordinates, i.e., Uni-
verse Transverse Mercator (UTM), latitude and longi-
tude, legal description or other local descriptor. Also,
note topographic features of the fire location, e.g.,
aspect, slope, landform. Additionally, document fire
size on growth maps that include acreage estimates.
Record the final perimeter on a standard topographic
map for future entry into a GIS.

Logistical Information

Document routes, conditions and directions for travel
to and from the fire.

Fire name and number

Record the fire name and number assigned by your
dispatcher in accordance with the instructions for
completing DI-1202.

Observation date and time

Each observation must include the date and time at
which it was taken. Be very careful to record the obser-
vation date and time for the data collection period; a
common mistake is to record the date and time at
which the monitor is filling out the final report.

Monitor’s name

The monitor’'s name is needed so that when the data
are evaluated the manager has a source of additional
information.

Fire weather forecast for initial 24 hours
Record the data from the fire or spot weather forecast
(obtained following on-site weather observations taken

Chapter 2 n Environmental and Fire Observation
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for validation purposes). If necessary, utilize local
weather sources or other appropriate sources (NOAA,
Internet, television).

Fuel and Vegetation Description

Describe the fuels array, composition, and dominant
vegetation of the burn area. If possible, determine pri-
mary fuel models: fuel models #1-13 (Anderson 1982)
or custom models using BEHAVE (Burgan and
Rothermel 1984).

Current and Predicted Fire Behavior

Describe fire behavior relative to the vegetation and
the fire environment using adjective classes such as
smoldering, creeping, running, torching, spotting, or
crowning. In addition, include descriptions of flame
length, rate of spread and spread direction.

Potential for Further Spread

Assess the fire’s potential for further spread based on
surrounding fuel types, forecasted weather, fuel mois-
ture, and natural or artificial barriers. Record the direc-
tions of fastest present rates of spread on a fire map,
and then predict them for the next burn period.

Current and Forecasted Weather

Measure and document weather observations through-
out the duration of the fire. Always indicate the loca-
tion of your fire weather measurements and
observations. In addition, attach fire weather forecast
reports to your final documentation.

Resource or Safety Threats and Constraints

Consider the potential for the fire to leave a designated
management zone, impact adjacent landowners,
threaten human safety and property, impact cultural
resources, affect air quality, or threaten special environ-
mental resources such as threatened, endangered or
sensitive species.

Smoke Volume and Movement

Assess smoke volume, direction of movement and dis-
persal. Identify areas that are or may be impacted by
smoke.

10
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Fire Conditions Monitoring

The second portion of level 2 monitoring documents
fire conditions. Data on the following variables can be
collected for all fires. Your park’s fire management
staff should select appropriate variables, establish fre-
quencies for their collection, and document these stan-
dards in your burn plan or Wildland Fire
Implementation Plan-Stage Il: Short-term Implemen-
tation Action and Wildland Fire Implementation Plan—
Stage I11: Long-term Implementation Actions.

Topographic Variables
Ambient Conditions

Fuel Model

Fire Characteristics

Smoke Characteristics
Holding Options

Resource Advisor Concerns

MONITORING SCHEDULE

The frequency of Fire Conditions monitoring will vary
by management strategy and incident command needs.
Recommended Standards are given below.

PROCEDURES AND TECHNIQUES

Collect data from aerial or ground reconnaissance and
record them in the Wildland Fire Implementation
Plan. These procedures may include the use of forms
FMH-1, -2, and -3 (Appendix A). Topographic vari-
ables, ambient condition inputs, and fire behavior pre-
diction outputs must follow standard formats for the
Fire Behavior Prediction System (Albini 1976; Rother-
mel 1983). For specific concerns on conducting
fire conditions monitoring during a prescribed fire
in conjunction with fire effects monitoring plots,
see page 106.

Collect data on the following fire condition (RS) vari-
ables:

Topographic Variables

Slope

Measure percent slope using a clinometer (for direc-
tions on using a clinometer, see page 203). Report in
percent. A common mistake is to measure the slope in
degrees and then forget to convert to percent; a 45°
angle is equal to a 100% slope (see Table 34, page 211
for a conversion table).

Aspect
Determine aspect. Report it in compass directions, e.g.,
270° (for directions on using a compass, see page 201).

Elevation
Determine the elevation of the areas that have burned.
Elevation can be measured in feet or meters.

Ambient Conditions

Ambient conditions include all fire weather variables.
You may monitor ambient weather observations with a
Remote Automatic Weather Station (RAWS), a stan-
dard manual weather station, or a belt weather kit.
More specific information on standard methods for
monitoring weather can be found in Fischer and
Hardy (1976) or Finklin and Fischer (1990). Make
onsite fire weather observations as specified in the
Fire-Weather Observers’ Handbook (Fischer and
Hardy 1976) and record them on the Onsite weather
data sheet (form FMH-1) and/or the Fire behavior—
weather data sheet (FMH-2). Samples of these forms
are in Appendix A.

Fuel moisture may be measured with a drying oven
(preferred), a COMPUTRAC, or a moisture probe, or
may be calculated using the Fire Behavior Prediction
System (BEHAVE) (Burgan and Rothermel 1984).
Record in percent.

Dry bulb temperature

Take this measurement in a shady area, out of the
influence of the fire and its smoke. You can measure
temperature with a thermometer (belt weather kit) or
hygrothermograph (manual or automated weather sta-
tion), and record it in degrees Fahrenheit or degrees
Celsius (see Table 33, page 209 for conversion factors).

Relative humidity

Measure relative humidity out of the influence of the
fire using a sling psychrometer or hygrothermograph
at a manual or automated weather station. Record in
percent.

Wind speed

Measure wind speed at eye level using a two-minute
average. Fire weather monitoring requires, at a mini-
mum, measurement of wind speed at a 20 ft height,
using either a manual or automated fire weather sta-
tion. Record wind speed in miles/hour, kilometers/
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hour, or meters/second (see Table 33, page 209 for
conversion factors).

Wind direction

Determine the wind direction as the cardinal point (N,
NE, E, SE, S, SW, W, or NW) from which the wind is
blowing. Record wind direction by azimuth and rela-
tive to topography, e.g., 90° and across slope, 180° and
upslope.

Shading and cloud cover
Determine the combined cloud and canopy cover as
the fire moves across the fire area. Record in percent.

Timelag fuel moisture (10-hr)

Weigh 10-hr timelag fuel moisture (TLFM) sticks at a
standard weather station or onsite. Another option is
to take the measurement from an automated weather
station with a 10-hr TLFM sensor. If neither of these
methods is available, calculate the 10-hr TLFM from
the 1-hr TLFM—uwhich is calculated from dry bulb
temperature, relative humidity, and shading. Record in
percent.

Timelag fuel moisture (1-, 100-, 1000-hr)

If required for fire behavior prediction in the primary
fuel models affected, measure 1-hr, 100-hr, and 1000-
hr TLFM as well, in the same manner as 10-hr using an
appropriate method. If you decide to determine fuel
moisture by collecting samples, use the following
guidelines:

* Collect most of your samples from positions and
locations typical for that type of fuel, including
extremes of moistness and dryness to get a suit-
able range.

» Take clear concise notes as to container identifica-
tion, sample location, fuel type, etc.

* Use drafting (not masking or electrical) tape or a
tight stopper to create a tight seal on the con-
tainer. Keep samples cool and shaded while trans-
porting them.

* Carefully calibrate your scale.

» Weigh your samples as soon as possible. Weigh
them with the lid removed, but place the lid on the
scale as well. If you cannot weigh them right away,
refrigerate or freeze them.

* Dry your samples at 100° C for 18-24 hours.

* Remove containers from the oven one at a time as
you weigh them, as dried samples take up water
quickly.

* Reweigh each dried sample.

» Use the formula on page 215 to calculate the
moisture content.

You can find further advice on fuel moisture sampling
in two publications written on the subject (Country-
man and Dean 1979; Norum and Miller 1984); while
they were designed for specific geographic regions, the
principles can be applied to other parts of the country.

Live fuel moisture

Fuel models may also require measurement of woody
or herbaceous fuel moisture. Follow the sampling
guidelines described under “Timelag fuel moisture (1-,
100-, 1000-hr)” on page 12. Live fuel moisture is mea-
sured in percent.

Drought index

Calculate the drought index as defined in your park’s
Fire Management Plan. Common drought indices are
the Energy Release Component (ERC) or the Keetch-
Byram Drought Index (KBDI). Other useful indices
are the Palmer Drought Severity Index (PDSI) and the
Standardized Precipitation Index (SP1).

Duff moisture (optional)

Monitor duff moisture when there is a management
concern about burn severity or root or cambial mortal-
ity. Duff moisture affects the depth of the burn, reso-
nance time and smoke production. Measure duff
samples as described above for Timelag fuel moisture
(1-, 100-, 1000-hr). Duff moisture is measured in per-

cent.

Duff moisture can be critical in determining whether
fire monitoring plots are true replicates, or they are
sampling different treatments. It is assumed that if
plots within a monitoring type identified in a five-year
burn plan are burned with the same fire prescription,
they are subject to the same treatment. These plots
should only be considered to have been treated the
same if the site moisture regimes, as influenced by long
term drying, were similar. Similar weather but a differ-
ent site moisture regime can result in significant varia-
tion in postfire effects, which can be extremely difficult
to interpret without documentation of moisture. This
is particularly important when studying prescribed
fires.

Duff Moisture

State of the weather (optional)

Monitor state of the weather when there is a manage-
ment recommendation for this information. Use a
one-digit number to describe the weather at the time
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of the observation. 0-clear, less than 10% cloud cover;
1-scattered clouds, 10-50% cloud cover; 2-broken
clouds; 60—90% cloud cover; 3-overcast, 100% cloud
cover; 4-fog; 5-drizzle or mist; 6-rain; 7-snow; 8-show-
ers; 9-thunderstorms.

Only use state of the weather code 8 when showers
(brief, but heavy) are in sight or occurring at your loca-
tion. Record thunderstorms in progress (lightning seen
or thunder heard) if you have unrestricted visibility
(i.e., lookouts) and the storm activity is not more than
30 miles away. State of the weather codes 5, 6, or 7 (i.e.,
drizzle, rain, or snow) causes key NFDRS components
and indexes to be set to zero because generalized pre-
cipitation over the entire forecast area is assumed.
State of weather codes 8 and 9 assume localized pre-
cipitation and will not cause key NFDRS components
and indexes to be set to zero.

Fuel Model

Determine the primary fuel models of the plant associ-
ations that are burning in the active flaming front and
will burn as the fire continues to spread. Use the Fire
Behavior Prediction System fuel models #1-13
(Anderson 1982) or create custom models using
BEHAVE (Burgan and Rothermel 1984).

Fireline Safety

If it would be unsafe to stand close to the flame
front to observe ROS, you can place timing devices
or firecrackers at known intervals, and time the fire
as it triggers these devices.

Where observations are not possible near the moni-
toring plot, and mechanical techniques such as fire-
crackers or in-place timers are unavailable, establish
alternate fire behavior monitoring areas near the
burn perimeter. Keep in mind that these substitute
observation intervals must be burned free of side-
effects caused by the ignition source or pattern.

Fire Characteristics

For specific concerns on monitoring fire charac-
teristics during a prescribed fire in conjunction
with fire effects monitoring plots, see page 106.
Collect data on the following fire characteristics (RS):

Rate of spread

Rate of Spread (ROS) describes the fire progression
across a horizontal distance; it is measured as the time
it takes the leading edge of the flaming front to travel a

given distance. In this handbook, ROS is expressed in
chains/hour, but it can also be recorded as meters per
second (see Table 33, page 209 for conversion factors).

Make your observations only after the flaming front
has reached a steady state and is no longer influenced
by adjacent ignitions. Use a stopwatch to measure the
time elapsed during spread. The selection of an appro-
priate marker, used to determine horizontal distance, is
dependent on the expected ROS. Pin flags, rebar, trees,
large shrubs, rocks, etc., can all be used as markers.
Markers should be spaced such that the fire will travel
the observed distance in approximately 10 minutes.

If the burn is very large and can be seen from a good
vantage point, changes in the burn perimeter can be
used to calculate area ROS. If smoke is obscuring your
view, try using firecrackers, or taking photos using
black-and-white infrared film. Video cameras can also
be helpful, and with a computerized image analysis
system also can be used to accurately measure ROS,
flame length, and flame depth (McMahon and others
1987).

Perimeter or area growth

Map the perimeter of the fire and calculate the perime-
ter and area growth depending upon your park’s situa-
tional needs. As appropriate (or as required by your
park’s Periodic Fire Assessment), map the fire perime-
ter and calculate the area growth. It’s a good idea to
include a progression map and legend with the final
documentation.

Flame length

Flame length is the distance between the flame tip and
the midpoint of the flame depth at the base of the
flame—generally the ground surface, or the surface of
the remaining fuel (see Figure 1, next page). Flame
length is described as an average of this measurement
as taken at several points. Estimate flame length to the
nearest inch if length is less than 1 ft, the nearest half
foot if between 1 and 4 ft, the nearest foot if between 4
and 15 ft, and the nearest 5 ft if more than 15 ft long.
Flame length can also be measured in meters.

Chapter 2 n Environmental and Fire Observation
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o= Flame Depth =

Figure 1. Graphical representation of flame length and
depth.

Fire spread direction

The fire spread direction is the direction of movement
of that portion of the fire under observation or being
projected. The fire front can be described as a head
(H), backing (B), or flanking (F) fire.

Flame depth (optional)

Flame depth is the width, measured in inches, feet or
meters, of the flaming front (see Figure 1). Monitor
flame depth if there is a management interest in resi-
dence time. Measure the depth of the flaming front by
visual estimation.

Smoke Characteristics

These Recommended Standards for smoke monitoring
variables are accompanied by recommended thresh-
olds for change in operations following periods of
smoke exposure (Table 2, page 17). These thresholds
are not absolutes, and are provided only as guide-
lines. The following smoke and visibility monitoring
variables may be recorded on the “Smoke monitoring
data sheet” (FMH-3 or -3A) in Appendix A.

Visibility

This is an important measurement for several reasons.
The density of smoke not only affects the health of
those working on the line but also can cause serious
highway concerns. Knowing the visibility will help law
enforcement personnel decide what traffic speed is
safe for the present conditions, and help fire manage-
ment personnel decide the exposure time for firefight-
ers on the line.

Visibility is monitored by a measured or estimated
change in visual clarity of an identified target a known

distance away. Visibility is ocularly estimated in feet,
meters or miles.

Particulates

Park fire management plans, other park management
plans, or the local air quality office may require mea-
surement of particulates in order to comply with fed-
eral, state, or county regulations (see Table 2, page 17).
The current fine particulate diameter monitoring stan-
dards are PM-2.5 and PM-10, or suspended atmo-
spheric particulates less than 2.5 (or 10) microns in
diameter.

Total smoke production

Again, measurement of total smoke production may
be required by your fire management plan, other park
management plans, or the local air quality office to
comply with federal, state, or county regulations. Use
smoke particle size—intensity equations, or an accepted
smoke model to calculate total smoke production from
total fuel consumed or estimates of intensity. Record in
tons (or kilograms) per unit time.

Mixing height

This measurement of the height at which vertical mix-
ing occurs may be obtained from spot weather fore-
cast, mobile weather units, onsite soundings, or visual
estimates. The minimum threshold for this variable is
1500 ft above the elevation of the burn block.

Transport wind speeds and direction

These measurements also can be obtained from spot
weather forecasts, mobile weather units, or onsite
soundings. The minimum threshold for this variable is
5 to 7 mph at 1500 ft above the elevation of the burn
block.

Ground wind speeds and direction
See wind speed and direction on page 11.

Documented complaints from downwind areas
Your local air quality office will forward any written or
verbal complaints to your park headquarters. The max-
imum allowable number of “recordable” complaints
per treatment is defined by each air quality office.

Carbon monoxide (optional)

You can measure carbon monoxide on the fireline
using a badge sampler or dosimeter (Reinhardt and
others 2000), or by extrapolating from visibility mea-
surements. Burn crew-members should not be
exposed to areas of <100 ft visibility any longer than
two hours.
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Observer location and elevation (optional)
Recording the location and elevation of the observer
can be important, as your view can be affected by your
position. For example, visibility at 1,000 m may be
fairly clear, but down at 500 m an inversion may be
trapping smoke, and thus causing a greater concern to
people living at that elevation. If you don’t include the
fact that your observation was made above that zone,
it may appear that your records are inaccurate. Natu-
rally, if you can see the inversion below you, and can
approximate its ceiling, that should also be reported.
Elevation can be recorded in feet or meters.

Elevation of smoke column above ground
(optional)

The elevation of the top of the smoke column should
be recorded in feet or meters above ground level. Fea-
tures such as nearby mountains of known heights can
be useful in making such an estimate.

Smoke column direction (optional)

The direction in which the column is pointed can be
important, as this will help to predict possible smoke
concerns downwind. Noting any breaks or bends in
the column can also help predict possible spot fire
conditions that may result.

Smoke inversion layer elevation (optional)
Information on inversion layers is critical to air quality
and fire behavior management. Again, the top of the
layer should be reported in feet or meters above the
ground. Inversions can be identified by dark, “heavy”
bands of air that are obviously clouded by smoke. Very
often, this dense air will have an abrupt ceiling to it,
above which the air is clear. Objects of known height
can help you to accurately estimate the elevation of
that inversion layer.

Smoke column (optional)

It may be pertinent to describe the characteristics of
the smoke column. Is the column bent or leaning in a
particular direction, or does it rise straight up for sev-
eral thousand feet? Is it sheared, and if so, at what
height? What color is the column? All of this informa-
tion will help to quantify how the fire was burning and
under what atmospheric conditions. Using the guide
on the back of FMH-3A, describe the observed smoke
column characteristics and atmospheric conditions.

Use of the Smoke monitoring data sheet (FMH-3)
The Smoke monitoring data sheet (FMH-3, in Appen-
dix A) is intended for use on both wildland and pre-
scribed fires. Each box on the data sheet is divided in
two; place the time of your observation in the top por-

tion of the box, and the observation value in the lower
portion of the box. When you use this form, it is
important to note the following:

» Formulas for determining appropriate highway
visibilities (variable #2 on the form) can be found
in the RX-450 Training Manual (NWCG 1997).

* Monitor the number of public complaints (moni-
toring variable #4) by time interval (two to four
hours post-ignition), rather than at any specific
time. “Recordable complaints” can be monitored
via the local air quality office, park information
desk or telephone operator.

« The monitoring frequency for surface winds (vari-
able #8) should be determined by each park since
this parameter is a frequent and critical source of
data collection. At a minimum, however, collect
these data once every 24 hours. Record monitor-
ing frequencies along with wind speed in miles per
hour (mph) or meters/sec (m/s) (see Table 33,
page 209 for conversion factors).

e The formula for computing total emissions pro-
duction (TEP) is found on the back of the FMH-3
form. TEP, in tons/acre is recorded under
“OTHER,” line 1. You can derive the emission
factors included in this formula from factors avail-
able in the RX-450 training manual (NWCG
1997).

Holding Options

Identify areas or features that will slow the spread of
the fire. Also identify vegetative conditions that pro-
vide for rapid fireline construction, should that
become the appropriate management response.

Resource Advisor Concerns

The Resource Advisor may indicate specific variables
that need to be observed as part of the monitoring
process. This might include fire behavior upon contact
with certain species, disturbance of wildlife, fire man-
agement impacts, etc.

Fire severity mapping (optional)

The postburn effects of a large fire are numerous and
may include plant mortality, mud slides, and flooding.
A quick assessment of the ecosystem can help you
determine whether rehabilitation measures are needed.
Managers may use this assessment to understand
future patterns of vegetation and faunal distribution.

One critical step in this analysis is burn severity map-
ping. This type of survey can be done using any of sev-
eral methods, including data from LANDSAT (White

Chapter 2 n Environmental and Fire Observation
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and others 1996), or from digital cameras (Hardwick
and others 1997). For more specific information see
the Burned Area Emergency Handbook (USDA For-
est Service 1995), or call your regional or national
BAER coordinator.

POSTBURN REPORT

Fire managers often need a summary of information
immediately following a fire. While detailed informa-
tion on fire effects are not immediately available,
detailed information regarding fire observations and
fire conditions can and should be summarized soon
after the fire. This information may be used to refine
prescriptions, strategy, and tactics over both the short
and long term. Decide in advance who is responsi-
ble for preparing this report. A fire monitor can col-
lect most of the information recommended.
Consultation with the Burn Boss or Incident Com-
mander is recommended.

Currently there is no standardized format for post
burn reporting; the following list contains items to
consider including in this report.

* Fire name

» Resource numbers and type (personnel and equip-
ment)

 Burn objectives

* Ignition type and pattern

* Holding strategy

* Fuel moisture information (e.g., 1000-hr, live woody
and herbaceous, foliar)

» Drought index information

* Fire behavior indices information (e.g., ERC)

* Precipitation information

* Test burn description

 Chronology of ignition

 Chronology of fire behavior

 Chronology of significant events

 Chronology of smoke movement and dispersal

» Temperature (range, minimum and maximum)

* Relative humidity (range, minimum and maximum)

* Accuracy of spot weather forecast

* Initial qualitative assessment of results (were short-
term objectives achieved?)

 Future monitoring plan for area (e.g., plots, photo
points)

* Acres burned

 Additional comments

Attachments:

Map of area burned

Fire weather observations data sheets
Fire behavior observations data sheets
Smoke observations data sheets

Weather station data
Fire severity map
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Table 2. Smoke monitoring variables (RS) with techniques, frequencies, and recommended thresholds.

Variable

Location

Visibility:
Duration of impair-
ment by distance

Duration of impair-
ment by distance;
no. people and sen-
sitive areas
affected

Particulates:
PM-2.5/10; amount

and duration’

Total Smoke Pro-
duction:

Tons (kilograms)/
unit time

Mixing Height:
Height-Tempera-
ture Gradient

Transport Winds:
Speed

Ground Winds:
Speed

Complaints:
Number

CO Exposure:
ppm or duration of
visibility impair-
ment

Fireline

Vicinity of fire (high-
ways, concessions,
residential areas,
schools, etc.)

Downwind

Fireline, population

centers and critical

areas where smoke
contribution is pre-

sumed to be signifi-
cant

Burn site or office

Ground

Burn site

Ground

Received at head-
quarters or from an
air quality resource
district

Fireline

Technique

Visual estimate

Visual estimate

Visual estimate using
known milestones or
photographic stan-
dards

PM-2.5/10 sampler
Established state
and agency monitor-
ing programs

Calculated from total
fuel consumed
Intensity estimate
Smoke particle size—
intensity equations

Spot weather fore-
cast

Mobile weather unit
Onsite sounding
Visual estimate

Spot weather fore-
cast

Mobile weather unit
Onsite sounding

Wind gauge held at
eye level
Mobile weather unit

Written
Verbal

Badge sampler or
extrapolation with
visibility
Dosimeter

Frequency

30 minutes

30 minutes

2 hours

24 hours/Annual

Preburn estimate fol-
lowed by postburn
reaffirmation

1 hour

1 hour

1 to 6 hours (depend-
ing upon threat to
safety and proximity
of roads)

NA

30 minutes

Threshold

Exposure of burn crew-mem-
bers to areas of <100 ft visibility
not to exceed 2 hours

Exposure dependent on state
Minimum Acceptable Visibility
(MAV) standards

Pop. Min. distance
(miles)
1K-5K 2-5
>5K-50K 4-7
>50K 7-9
PM-2.5 PM-10
65ug/m3 150ug/m3
15ug/m3 50ug/m3

May be determined by state or
local permit

1500 ft above burn elevation; do
not violate for more than 3 h or
past 1500 hours

5to 7 mph at 1500 ft above burn
elevation; do not violate for
more than 3 hours or past 1500
hours

1 to 3 mph—day
3 to 5 mph—night

The maximum allowable num-
ber of “recordable” complaints
per treatment, as defined by the
local air quality control district.

Exposure of burn crew mem-
bers to areas of <100 ft visibility
not to exceed 2h. If exceeded,
24 hour detoxification is
required before crew members
can return to fireline duty

"PM-2.5 and PM-10 monitoring is mandatory only if a critical target exists within park boundaries or within 5 miles of a park boundary,
and may be impacted by smoke of unknown quantities. The controlling air quality district may provide a PM-2.5 or PM-10 monitor in

the surrounding area under any circumstances. The key is that the air quality district has the ultimate authority for determining when

particulate matter standards are violated and when land managers must take appropriate actions to comply with established district,

state and federal standards. A variety of occupational exposure limits exist, ranging from the OSHA Permissible Exposure limits to the
American Conference of Governmental Industrial Hygienists (ACGIH) Threshold limit values and the NIOSH Recommended Expo-

sure Limits.

Chapter 2 n Environmental and Fire Observation
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Figure 2. Steps in a fire effects monitoring program.
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Developing Objectives

Proper design is essential to any monitoring program.
The consequences of poor design are numerous, and
all bad. Lost time and money, unnoticed resource
deterioration, inadequate management decisions, and
reduced credibility are a few of the negative
repercussions of faulty planning and design. Take time
to design a program that will monitor the conditions
essential to meeting your management objectives.

Chapters three and four have been created to assist
you in the design of a high quality, defendable
monitoring program. By developing sound objectives
using the concepts put forth in Chapter 3, you will
build a solid foundation that will enable you to make

the necessary design decisions as covered in Chapter 4.

Natural area managers, like family physicians, should
monitor ecosystem health to prevent or identify
dysfunction and repair damage. Monitoring can tell
you the condition of the resource and detect change or
abnormal conditions. When you reintroduce a natural
process such as fire into the landscape, a monitoring
program will help you document any linkage between
the treatment and changes in resource condition, as
well as provide feedback on prescriptions and return
intervals.

The fire effects monitoring program flow diagram
(Figure 2, facing page) is designed to provide a concise
reference for the entire design, implementation and
analysis process involved in establishing an effective
fire effects monitoring program. It can be used as a
guide in the design of a monitoring program. Portions
of the flowchart will be expanded and detailed in this
and following chapters.

Development of a fire effects monitoring program,
including methodology and analytical techniques, must
be preceded by the development of fire-related
resource management objectives. The reduction of
hazard fuels, for example, should logically be
accompanied by fire behavior modeling using
postburn fuels data that demonstrate that the hazard
has in fact been abated, and that the stated fuel

“You got to be very careful if you don’t know where you’re going, because you might not get there.”

—Yogi Berra

reduction objectives have been met. This would
logically have been preceded by an analysis of the
nature of the hazard presented by the preburn fuel
characteristics.

Monitoring objectives are derived from resource
management and fire management program objectives.
From this, it should be apparent that fire managers and
resource managers must work together closely to
ensure that fire, whether managed as a natural process
or as a tool, is effective in meeting resource objectives.
Fire may meet fuel reduction objectives, for example,
but cause significant unwanted resource degradation.
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Objectives

MANAGEMENT OBJECTIVES

This handbook is organized around the development
of a monitoring program that is based on resource and
fire management objectives. Management objectives
are often misrepresented as goals (see the Glossary for
definitions of goal vs. objective). Developing clearly
articulated management objectives is a specific step
toward the accomplishment of a broader goal, and is a
critical step in any management-monitoring feedback
loop. This is true whether you use a more traditional
decision-making approach (such as those based solely
on cost, political considerations, or anecdotal
knowledge), or a more cooperative integrated
approach such as adaptive management (see below).
Management objectives serve as the foundation for all
activities that follow, including the proposed
management activity, monitoring, evaluation and
alternative management.

Objectives should be:

 Realistic and achievable. Create objectives that
are biologically meaningful and achievable within
the bounds of management possibilities. In addi-
tion, if you have multiple objectives, make sure
that they do not conflict. For example, you may
have trouble meeting both of the following objec-
tives: 1) dramatically reducing fuel load and 2)
maintaining all your overstory trees.

* Specific and measurable. Your objectives
should be quantifiable (measurable). They should
also identify a target/threshold condition or
include the amount and direction of change
desired. Specific quantitative elements will allow
you to evaluate the success or failure of your man-
agement.

* Clearly articulated and focused. Write clear
objectives that contain all the components
described on pages 22 (management) and 23
(monitoring), and presented in Figure 3. Clear and
focused objectives will allow current and future
stakeholders to have focused discussions regard-
ing the desired state of the resource.

EI'.‘II'r'IpilE- and revis E!l.Eljl"lg irlarrralion
incheding research and upper-sevel planning
documants

v

Idenlity resource managamenl objeclives and
targetithreshold conditions

Idantify the target population of interest

Delnaats the fime frame for the desired changs

Define the amaun and direction of the changs!
desired omndiion you wanl 1o see

Indicate what is being counied or measured

Davalop monitoring objective

Figure 3. Steps in developing management and monitoring
objectives.
The key elements of an objective are highlighted in red.

Adaptive Management

Adaptive management is an iterative process—
planning, action, monitoring, evaluation, and
adjustment—which uses the results of management
actions as observations that help develop an enhanced
understanding of ecosystem response, in this case, the
effects of fire. Adaptive management is learning by
doing.

Adaptive management requires input from many
sources. By incorporating the views and knowledge of
all stakeholders—citizens, administrators, managers,
researchers—you create a working dialogue. In
establishing a working dialogue, you can articulate
sound management objectives, increase your ability to
implement management, gather reliable knowledge of
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all elements in the natural system of concern, and
make adjustments to management actions.

The adaptive process requires integrating the concepts
of observation, uncertainty, and surprise. Ideally, the
result will be not a single optimal state but a range of
outcomes, acceptable to all stakeholders, that avoid
irreversible negative effects on a highly valued resource
from the use of fire as a management tool.

Keep in mind that the process of setting objectives is a
dynamic process, and must include responses to new
information. It may be difficult to establish measurable
objectives due to lack of knowledge about a portion or
portions of the population, community or ecosystem
in question. Managers should use the best of available
information, and focus on creating knowledge-based,
measurable objectives.

%
Management Objectives and

Adaptive Management I

As you learn more about the vegetative response to
fire, you will begin to have a better idea of the specifics
of the target/threshold conditions and how achievable
your objectives are. It is important to remember that
both management and monitoring objectives need
revisiting as a program evolves (see page 133).

As shown in the fire effects monitoring flow diagram
(Figure 2, page 18), as a general guide, objectives
should be reconsidered at least twice in a monitoring
cycle—this is the adaptive management approach (see
below, or review the references on page 238, Appendix
G)).

Planning Documents

The process of moving from broad, policy-related
goals to specific, quantifiable management objectives
can require steps at many levels. The steps taken to get
from tier to tier will vary from agency to agency, as
well as from park to park. Different methods will be
used to move through the “grey zone” from broad
goal to specific management objective. Prescribed fire
programs, and their objectives, are part of a larger,
multi-tiered framework of goals, target/threshold
conditions, strategies and objectives stated in the
General Management Plan (GMP), Resource
Management Plan (RMP), and Fire Management Plan
(FMP) for your unit.

The development of management objectives begins
with the policy and regulations that guide the agency.
Monitoring program managers may not refer to these
documents directly, but are familiar with their general
content. Guidelines and laws, such as the National
Environmental Policy Act (NEPA), the National
Historic Preservation Act (NHPA), and policy
guidelines established by a specific agency drive the
development of goals put forth in General
Management Plans and other management statements.
Again, these goals are expressed in broad terms.

A Resource Management Plan (RMP) and other
resource related documents (e.g., an ecological model
of the resource) will identify target/threshold
conditions, as well as problems that may prevent
managers from reaching the stated goals. What are the
problems that prevent managers from protecting and
perpetuating natural, scenic and cultural resources?
What impediments block managers from restoring
biological diversity? What is the target/threshold
condition or state of a forest stand or landscape unit?

A Fire Management Plan (FMP) outlines the strategy
of using fire to achieve the target/threshold
conditions. From the FMP, you will create specific fire
management objectives that will set measurable
criteria. The accompanying objective variables will
help you assess the effectiveness of treatment with
prescribed fire to meet those objectives.

+
Resource Management Plan

The need for prescribed fire, and what it should
accomplish, must be stated at least generally in the
RMP. This, in turn, should be supported by fire
ecology information which guides the development of
the FMP.

Perceived weaknesses in the value of monitoring data
may be due more to the lack of clarity of program
objectives than to flaws in the monitoring system.
Monitoring systems cannot be designed to monitor
everything, nor can they (without great cost) monitor
many things with a high degree of confidence.
Therefore, the value of monitoring is directly related to
a well-defined management objective.

Fire monitoring plan

The fire monitoring plan is where you record the
background information used to define your
management objectives, as well as additional planning

Chapter 3 n Developing Objectives
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information needed to drive your monitoring program.
The plan will include an ecological model that provides
a summary of what is known, as well as gaps in
knowledge, about the ecology of each species being
monitored (see page 225, Appendix F, for more
information on these models). The monitoring plan
should also include how management will respond if
you do not meet your objectives. Include in this
planning process any person who could influence a
change in management, both within the park and
external to the park. Create your plan with input from
fire and resources management specialists and field
technicians, and have it reviewed by your regional fire
effects program coordinator. The outline provided in
Appendix F should help you to develop an organized
plan for your park. RM-18 requires that all NPS
units applying prescribed fire must prepare a fire
monitoring plan (USDI NPS 2001a), regardless of
whether they use the protocols outlined in this
handbook.

Management Objective Components

Your planning documents should contain four key
components needed to create well-articulated
management objectives.

Target population

Time frame

Amount and direction of change or target/threshold
condition

* Variable

Target population—monitoring type
Identify the target population, or portion of a
population, to be monitored.

* Carefully define the groups to be examined (e.g.,
species or group of species).

* Define the individuals to be included (e.g., should
you monitor every age class of all tree species in a
vegetation association or should you monitor only
the seedlings of a particular species?).

» Determine the geographic boundaries of interest
(for example, is the fuel load along the park
boundary the only fuel load of interest, or should
you collect data on fuels within one vegetation
association throughout the entire park?).

Identifying the target population provides a
quantitative picture of a plant association being
influenced by fire. It is the first step to creating a
monitoring type description (see Glossary). The

discussion on defining monitoring types begins on
page 34.

A five-year burn plan can be a starting point for
defining monitoring types. It will also play a role in
scheduling plot installation (see page 55). Burn units
identified in the five-year burn plan will help you
identify the target populations and the vegetation types
that are a high priority for monitoring type creation.

Time frame

Delineate the time frame for monitoring change. Use a
time frame that is realistic biologically (how rapidly will
the resource respond to fire?), as well as in terms of
management (how quickly can alternatives be
implemented in response to the trends indicated?).

The life history of the target organism will also help
you determine an appropriate time frame. In general,
long-lived, stable species will have longer monitoring
periods than short-lived, sensitive species. Also
consider the risk of rapid decline of a population,
either through loss of rare species or the establishment
of non-native competition.

Amountanddirectionofchangeortarget/threshold
condition

Define the range of change (positive, negative, or no
change) you want to see or are willing to accept, or
state the actual target/threshold condition defined by
your management objectives. Again, the life history of
your target species and biology will dictate how much
change is possible and necessary. Because our
knowledge of fire ecology is poor for many plants and
plant associations, this is often the most difficult step
in this process. However, once you have determined
the direction of desirable change, determine a range of
acceptable target levels.

Examples may include:

» Reduce mean (average) total non-native species
cover by 50-75%

» Maintain mean overstory tree density to within
10% of preburn

» Reduce mean total fuel load to less than 20 tons
per acre

* Increase the mean density of desired tree seed-
lings to 500 per hectare
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Variable

Indicate what you will count or measure in your
monitoring program. Describe the specific attribute
that the prescribed treatment will change or maintain.
When choosing a variable, consider the morphology
and life history of the species. Counting extremely
small, numerous individuals of a species may prove
costly, and because it is virtually impossible to do
accurately, variation in results may be an artifact of
sampling rather than a meaningful observation.

Examples of variables may include:

* Fuel load—this can be broken down into size
classes or considered in total

* Percent scorch or percent mortality

* Density, frequency, relative or percent cover of a
given species or group of species

» Height of a given tree species, group of species
(by height class) or total understory

(See page 41 for additional variables)

Types of Management Objectives
Management objectives fall into two broad types,
change and condition. Each type of objective will
require different considerations for monitoring
objectives (page 23) and data analysis (page 130).

Change objectives

Use this type of objective when you want to track
relative change in a variable over time. This type of
objective is used when the trend over time is more
important than the specific current or future state, e.g.,
a reduction of 40% may be more important than a
decline to 500 individuals per hectare.

The critical elements are highlighted:

* In the pine-oak forest monitoring type, we want
to reduce the mean total fuel load by 50-80%
within one year of the initial prescribed fire.

» We want to increase the mean percent cover of
native perennial grasses by at least 40%, in
tallgrass prairie, 10 years after the initial applica-
tion of prescribed fire.

Condition objectives
Use this type of objective when you have enough
information to describe a specific target/threshold

condition. Here you will measure your success by
considering whether your variable reaches a target or
threshold.

The critical elements are highlighted:

« Within the cypress savanna monitoring type, we
want to decrease the mean density of 7axo-
dium distichumto less than 200 individuals per
hectare within six months postburn.

« In the ponderosa pine forest monitoring type,
we want to maintain a mean density of 90-120
overstory trees per hectare within five years of
the initial prescribed fire.

MONITORING OBJECTIVES

Monitoring objectives differ from management
objectives in that management objectives describe the
target/threshold or change in the condition desired,
while monitoring objectives describe how to monitor
progress toward that condition or change. Monitoring
objectives contain explicit statements about the
certainty of your results.

Development of sound monitoring objectives is a
critical step in any monitoring program. A common
mistake is for managers to collect data first and rely on
statistics to generate a question or objective later.

Certainty

Managers almost always need to rely upon incomplete
information to make decisions. Statistics can help
managers make decisions based on available
information. A carefully planned monitoring design
can ensure that you gather the data required for using
statistics appropriately to guide decision-making. Your
monitoring objectives will specify how certain you
want to be in your results.

For any monitoring program, a high degree of
certainty is desirable. Keep in mind, however, that
increased certainty often means increased money and
time. Fiscal and time limitations may restrict the
amount of sampling (number of plots), so you will
need to balance desired certainty with feasibility.

Sampling Principles

A true population value exists for every monitoring
variable. Measuring the entire population would reveal
the true value, but would likely be cost-prohibitive.
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Sampling procedures provide a method for reasonably
estimating these true values by measuring an adequate
portion of the population. The scientific method
provides a sound way to obtain a sample sufficient to
allow inferences to be made to larger populations. In
other words, when proper sampling procedures are
followed, data from monitoring plots (sample) are
used to infer results for the monitoring type as a whole
(population).

In most cases the entire population of interest cannot
be measured to determine the true population mean.
Since it is possible to determine the certainty with
which the sample estimates the true population value,
the protocols in this handbook involve sampling a
portion of the population. The greater the variability in
the sample data, the more uncertainty exists in the
estimation of true population values and differences
among populations. Generally, the larger the sample
size (number of plots), the greater the certainty.

Sample

The aggregate of all monitoring plots for a
particular monitoring type constitutes a sample.
An example of the layout of a sample is shown in
Figure 4. All monitoring plots within a given sample
are analyzed as a single data set. Monitoring plots are
randomly distributed throughout each significant
monitoring type occurring within the burn units that
are scheduled for burning within the next five years.

Due to fiscal and physical constraints, you cannot
install the number of plots needed for a high degree of
certainty (in the results) for every fire, or for every RS
variable. The use of a sample is specifically designed to
eliminate the need for plots in every prescribed burn
unit; this body of data should represent a large number
of burns and thus lessen the total amount of data
collected.

The sample database should not be used for
quantitative assessments of immediate postburn
effects or long-term change until all monitoring plots
comprising the sample have been treated. However,
analysis of those plots treated first can help you to
fine-tune your protocols, as well as to examine how
well you defined your monitoring type. Realistically,
depending on your burn schedule, it could take more
than five years to complete the immediate postburn
effects databases for a sample.

B Momilaring Type

B Hurm Linn

R doniborng ot

Figure 4. Graphical representation of a sample (all seven
monitoring plots combined).

Scientific method

Using the scientific method, sampling must follow
three principles: objectivity, replication, and
representativeness.

Obijectivity—To be objective, or unbiased, sampling
must be random with respect to the question or
issue.

Plots are located randomly within monitoring types
(areas of relatively homogenous vegetation and fuel).
They are not, however, located randomly in all possi-
ble areas within a monitoring type, because only the
areas planned for prescribed burning are addressed
by the monitoring objectives. Locating plots in areas
that you do not plan on burning would be impractical
and would fail to serve the purpose of the monitor-
ing program. Finally, your monitoring type descrip-
tions should be written to limit the amount of
subjectivity in locating plots.

Replication—A replicated study includes sampling of
multiple units; measurement and treatment methods
are the same among sampling units.

Information from one monitoring plot, or from
multiple plots in one prescribed burn unit, will not
provide sufficient information about the effects of
prescribed fire. Additionally, measuring brush density
in a 1 m belt transect in one plot and a different belt
width in another would introduce variability in sam-
pling that could seriously confound the results. Simi-
larly, burning one plot, mowing another, and then
combining the data from the two, would not yield
clear results for either treatment.
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Representativeness—To be representative, the
observations or individuals measured must reflect the
population of interest.

Locating plots in areas that do not fit the monitoring
type would mean that the sample would not reveal
anything about fire effects in that monitoring type.

If these sampling principles are followed, then the
results from the sample can be used in inferential
statistics. This type of statistics attempts to provide
information about populations from information
gathered from a relatively small sample that has a
certain degree of variability.

Variability

In order to make inferences from the sample to the
larger population you must collect a sample that will
sufficiently estimate the population parameter of
interest as well as be objective, representative and
replicated. Knowing the variability of the data reveals
something about how good the sample (or estimate of
the population mean) is. If the data are not highly
variable (i.e., values for an objective variable, or
differences in these values over time, are very similar
from plot to plot), then it is likely that the sample mean
is a good estimate of the population mean. Highly
variable data (i.e., values for an objective variable, or
differences in these values over time, are very different
from plot to plot) means that it is less certain that our
sample mean is a good representation of the
population mean.

In either case, once you know the variability of your
data, you can calculate how many plots you need to
establish to provide a good estimate of the population
mean. If the natural variability of an objective variable
is high, then you will usually need more plots to
describe that variability. If the variability is low, then
you will find that fewer plots are sufficient to obtain a
reasonable estimate of the population mean.
Determining the minimum sample size based on
estimates of the population variability is discussed on
page 49.

Certainty Decisions

In designing a monitoring program, you will need to
make several choices related to certainty for each
objective variable, depending on the type of
management objective (condition or change (see page
23)). Make these choices carefully, because they will be

used to determine how many plots you will need to
achieve the desired certainty.

Change objectives

For change objectives, you want to determine whether
a change in the population of interest has taken place
between two time periods (for example, between
preburn and year-1 postburn). For change-related
management objectives, the monitoring objective will

specify:

» The minimum detectable change desired
A chosen level of power
A chosen significance level (alpha)

You will use these later to calculate the minimum
sample size needed to detect the desired change.

Minimum detectable change—The size or amount
of change that you want to be able to detect between
two time periods is called the minimum detectable
change (MDC). You need to determine how much of a
change is biologically meaningful for the population of
interest. Is a 10% change meaningful? 30%? 50%?
80%? Your management objectives should provide the
specific quantifiable levels of change desired. Looking
at these objectives, use the low end of a range of values
for your MDC. For example, if your management
objective states that you want to see a 50-80% change,
use 50% as the MDC.

The initial level of minimum detectable change, set
during the design phase, can be modified once
monitoring or new research provides information
about the size and rate of fluctuations of the
population. For example, you may discover that the
10% decrease in the mean percent cover of the
“nonnative” species you choose was not biologically
significant. This information might have come from
recent research that found the percent cover of this
species can fluctuate by more than 30% a year based

on weather conditions alone.

If you choose a minimum detectable change amount of
less than 30%, consider reevaluating this decision.
Extremely variable populations may require a larger
sample than you can afford in order to detect these low
levels of change.

Minimum Detectable Change
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Power—The amount of certainty that you want to
have in detecting a particular change is called power
(see page 127). You must determine how certain you
want to be of observing the desired minimum
detectable change.

Significance level—The probability that an apparent
difference occurred simply due to random variability is
called the level of significance, or a (alpha). You need
to decide the acceptable probability that the observed
difference was obtained by chance and is therefore not
attributable to the treatment.

These monitoring objectives are based on the exam-
ples of change management objectives on page 23;
the critical elements are highlighted:

* In the pine-oak forest monitoring type, we want
to be 80% certain of detecting a 50% reduction
in the mean total fuel load within 10 years of the
initial prescribed fire. We are also willing to accept
a 20% chance of saying that a 50% reduction
took place when it did not.

Here: power = 80%, MDC = -50%, and a = 20%
(0.20).

* In the tallgrass prairie monitoring type, we want to
be 95% certain of detecting a 40% increase in
the mean percent cover of native perennial grasses
within ten years of the first burn. We are willing to
accept a 5% chance of saying that a 40% increase
took place when it did not.

Here: power = 95%, MDC = +40%, and o = 5%
(0.05).

Condition objectives

If you want to determine whether the population of
interest achieves a stated condition, either a target or a
threshold, then you will use confidence intervals to
determine whether your objectives have been met. For
condition objectives the monitoring objective will

specify:

 The confidence level (i.e., the likelihood that the
confidence interval contains the true population
value, e.g., 80% or 95%)

* The desired precision level (closeness with which
the true population value is estimated)

You will use these later to calculate the minimum
sample size needed to ensure a certain probability that
your preburn and postburn sample means are within a
given percentage of the true preburn and postburn
means.

These monitoring objectives are based on the exam-
ples of condition management objectives on page 23;
critical elements are highlighted:

« Within the cypress savanna monitoring type, we
want to be 90% confident that the sample mean,
within six months postburn, of Taxodium distichum
density is within 25% of a true mean of less than
200 individuals per hectare.

 Within the ponderosa pine monitoring type, we
want to be 80% confident that the sample mean,
preburn and five years postburn, of overstory tree
density is within 25% of a true mean of 90-120
trees per hectare.

Confidence intervals—Certainty can be expressed
statistically by confidence intervals. A confidence
interval is a range of values that has a stated probability
of including the true population value for a variable.
This range of values, or confidence interval, is like a
measurement target with a certain probability that the
estimated true population mean falls somewhere on
the target.

A 95% confidence interval is a range of variable val-
ues which has a 95% probability of including the true
population value, i.e., approximately 19 out of 20
times (see Figure 5). An 80% confidence interval
means that there is an 80% probability that our con-
fidence interval includes the true mean value, i.e.,
approximately 16 out of 20 times (see Figure 6).

The mean value for a variable obtained from a sample
(all plots in a monitoring type) will always be located in
the center of this interval. The lower and upper ends
of the confidence interval are sometimes referred to as
confidence limits.

In the design of a monitoring program, you will need
to make two choices related to certainty for each
objective variable: the confidence level, and the desired
precision associated with the confidence interval.
These choices must be made carefully, because they
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will be used to determine how many plots are needed
to achieve the desired certainty.

Confidence level—The confidence level is the
selected probability for the confidence interval (95%,
90%, or 80%). This level indicates the probability that
the confidence interval will include the estimated true
population mean (in other words, the probability of
“hitting the measurement target™). A critical
management decision involving ecologically or
politically sensitive species requires a high level of
confidence. For less sensitive decisions, managers
often may be willing to accept less certainty. General
guidelines for choosing the confidence level are as
follows:

» Choose an 80% confidence level for most objec-
tive variables.

» Choose a 90% or 95% confidence level if the
objective variable is potentially sensitive, or when
being confident of the monitoring results is criti-
cal (e.g., when a vital management issue is
involved, such as that regarding an endangered
species).

For a given sample size, the confidence level and
confidence interval width are directly proportional.
This means that if the confidence level increases
(increased probability of hitting the measurement
target), then the confidence interval is wider. Likewise,
if the confidence interval width is more narrow, it is
less likely that the target will be hit (lower level of
confidence) (see Figure 7).
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Figure 6. 80% confidence intervals.

There are two ways to increase confidence level
and reduce confidence interval width: increase the
sample size or decrease the standard deviation
(see Sampling Design Alternatives, page 48). Choosing
a confidence level and desired precision of the mean
will be used to calculate the number of plots needed to
achieve the desired certainty of the results.

Desired precision level—In addition to the
confidence level, managers must decide on the
precision of the estimate. The precision of a sample
statistic is the closeness with which it estimates the
true population value (Zar 1996). Do not confuse it
with the precision of a measurement, which is the
closeness of repeated measurements to each other.
The desired precision level is expressed as the width of
the maximum acceptable confidence interval. In the
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Figure 7. Comparing 80% and 95% confidence interval
Figure 5. 95% confidence intervals. widths.
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case of most objective variables, the desired precision
level indicates how close the sample value is likely to
be to the true population value.

In the FMH software (Sydoriak 2001), the desired level
of precision is chosen by selecting a percentage of the
estimated population mean (e.g., must be <25%). This
means that you are willing to accept a certain range
around the estimated value (e.g., the true mean is
within 25% of the estimated mean).

The precision selected should be related to the
need to have very close estimates of the true
population mean. General guidelines for choosing
the desired precision are as follows:

» Choose 25% precision for most objective vari-
ables when the exact values are not critical; if small
changes are not of a concern, then being within
25% of the true mean is probably sufficient.

» Choose 5-20% precision if the estimated mean
must be within a small percentage of the true pop-
ulation mean (e.g., if a population’s survival
depends on only slight changes).

In a deciduous northeast woodland, the sample mean
for the density of understory shrubs in 10 plots is
480 individuals per hectare. Managers need to be
accurate in their density estimates, because density is
a critical element of habitat suitability for the golden-
winged warbler, a species of concern. To keep sam-
pling costs down, but still collect data with a high
precision level, managers chose a confidence interval
width of 20% of the estimated true mean. In this
case, the acceptable confidence interval width is
within 96 individuals per hectare (plus or minus) of
the estimated true population mean. If the golden-
winged warbler, or any other species of concern, did
not inhabit this woodland, managers could use a
wider confidence interval width.

Precision u

For the purposes of this monitoring program, the
desired precision cannot be greater than 25% of the
estimated population mean.
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Objective Variables

The Recommended Standard (RS) variables for
monitoring short-term and long-term change (levels 3
and 4) in the three plot types are outlined in Chapter
4 (see page 41). While each of these variables should
be monitored, you do not need to measure each with a
high level of certainty. A minimum level of certainty is
required, however, for a variable derived from each
management objective—a variable called the objective
variable (see Glossary).

If your primary management concern is to increase
the dominance of a suppressed shrub species, you
might choose only the percent cover of that species
for a high level of certainty, even though it is not the
dominant species in the preburn environment. You
would then use only this variable to calculate your
sample size. So the relationship between your objec-
tives and your objective variable might look like this:

* Management objective: We want to see a 40%
increase in the mean percent cover of all hazel spe-
cies (Corylus spp.), in eastern white pine forest, 5
years after the application of prescribed fire.

» Monitoring objective: We want to be 80% sure
of detecting a 40% change in the mean percent
cover of all hazel species (Corylus spp.), 5 years
after the application of prescribed fire and we are
willing to accept a 20% chance of saying a change
took place when it really didn't.

» Obijective variable: mean percent cover of all
hazel species (Corylus spp.).

You should monitor all the objective variables
contained within your monitoring objectives. Your
park natural resource specialist or ecologist, or a local
person with that expertise, is responsible for
identifying and defining the monitoring type, and for
creating monitoring objectives from your management
objectives. If local staff do not have the expertise
needed to make these decisions, you should seek
outside assistance.

Objective Variables
Not Covered by this Handbook

Your park’s fire management plan may specify

objectives that call for variables not discussed in this
handbook; for example: Increase the population of
raptors in all grasslands to >500 individuals. If park
management chooses objective variables that are
not covered in this handbook, you will need to
develop appropriate sampling methods. Appendix
G lists several monitoring references for other
sampling methods for organisms of special
management concern (e.g., forest insects and
pathogens, birds, reptiles, and mammals). These
references are limited, but should serve as a useful
guide. Take care to develop such customized
monitoring or research systems with the assistance of
subject-matter experts.

In addition, when choosing objective variables not
covered in this handbook, keep in mind that some
protocols may lend themselves to being sampled in
association with fire effects monitoring plots, e.g.,
songbird point counts. Integrating objective variables
as much as possible can be efficient and cost-effective.

Examples of Objective Variables

The objective variable that you choose should be the
most efficient measure of the change that you are
trying to achieve. The following are some potential
objective variables, some of which are recommended
(RS) variables (see Table 3, page 42).

Grasslands-brush—~Percent cover for each of the
three most dominant species; percent non-native
species; density of shrub species.

Forest-woodland—Density of three most dominant
overstory trees; density of two dominant understory
trees; total fuel load; or any of those mentioned under
grasslands-brush.

Biological diversity—Species richness; diversity
indices.

Animal population dynamics—Birth-death rates;
number of individuals; size and shape of territory.
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Rare species occurrence—Number of individuals;
reproductive rates; dispersion. These types of variables
will be important if you are trying to enhance the
habitat of a rare species by burning.

Plant mortality and recruitment—Death and
establishment rates of selected plant species. These
variables could be very important in attempts to
encourage or discourage particular species.

The objective variables you chose to measure will
determine the sample size, and therefore labor costs,
for your monitoring program. Where there is a great
deal of variability among plots, a sparsely distributed
species, or a need for a high level of precision or
confidence in the results, the total number of plots
might be very high (see page 49 for a discussion of
minimum sample size).

COMPARING VEGETATION ATTRIBUTES

The following discussion will help you decide whether
to use density, cover or frequency for your objective
variable. This section also includes a discussion of the
point intercept method for measuring cover. Change
in all three of these variables may be expressed in
absolute or relative terms, e.g., percent cover and
relative cover. Use absolute values when you are
looking at how a variable changes on a per unit area or
sample basis. Use relative values when you are looking
at changes as a proportion of the total.

Density

Density is the number of individuals per unit area.
Density, used to estimate the abundance of a particular
species, is one of the most useful vegetational
attributes. Density is independent of cover, the
proportion of area covered by vegetation. For
example, two shrub species could have the same
percent cover where one consists of many small
individuals (high density) and the other of few large
individuals (low density). The adequacy of the sample
size for density measurements is dependent on the
shape and size of the plot used. Rectangular plots are
best to minimize the variation within plots for plants
with a clumped distribution. Since most plants grow in
clumps, rectangular plots may be your best bet. To
minimize the edge effect of non-circular plots,
establish an edge rule, e.g., 50% of the rooted base
must lie within the plot, or count plants with rooted
bases on one edge of the plot, but not those on the
opposing edge.

Advantages of using density as an objective

variable

* Density can be used to determine if the number of
individuals of a particular species is increasing or
decreasing.

« Density is an easily understood vegetational
attribute.

« If individuals are distinguishable, density measure-
ments are repeatable over time.

« Density is useful for monitoring threatened, endan-
gered, or sensitive plant species, because it samples
the number of individuals per unit area.

* Density is useful when comparing similar life forms,
e.g., two species of shrubs that are approximately the
same size.

Limitations of density measurements

* In some species, it can be hard to identify an individ-
ual. This is especially true for species that are capable
of vegetative reproduction, e.g., rhizomatous plants.
For such plants, measure stem density instead of the
number of individuals. No matter which is chosen,
the individual unit of interest must be objectively
identified and must remain the same throughout the
duration of the monitoring effort.

 Because plant species vary in size, density measures
lose a large amount of information about the plant
community being studied. For example, two species
may have identical densities, but the species that is
larger in size will appear to have the greater ecologi-
cal importance.

» Comparisons between densities of different growth
forms are meaningless; for example, densities of
trees and forbs cannot be compared.

« Seedling density, especially for herbaceous species, is
directly related to environmental conditions, which
can lead to misinterpretations of both positive and
negative trends.

Cover

Cover is an important vegetational attribute to which
ecologists have applied a wide range of meanings. One
of the most commonly used types of cover is canopy
cover, which is expressed as a percentage of the total
area measured, and defined as the vertical projection
of vegetation onto the ground surface, when viewed
from above. It is used in various ways to determine the
contribution each species makes to a particular plant
community. Cover measurement can provide a
quantitative and rapid measure for species that cannot
be effectively measured by density or biomass.
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Note: Typically, canopy cover of trees is assumed to
correlate with basal area or DBH. Relative dominance
also is used as a synonym for relative basal area or
relative cover.

Advantages of using cover as an objective variable

* Cover is one of the most widely used measures of
plant abundance because it is not biased by the size
or the distribution of the individuals.

 Cover provides a good indication of the relative
influence of a species.

» Cover measurements can be used for species in
which identification of individuals is difficult.

Limitations of cover measurements

* Cover, in herbaceous plants in particular, is very sen-
sitive to changes in climatic and biotic factors.

» Cover measurements favor species with larger leaves
or spreading growth forms. Additionally, species that
hold their leaves horizontally will have higher cover
values than species with acute or obtuse leaf angles.

* Because cover does not measure individuals, it does
not readily indicate changes in recruitment or mor-
tality.

Frequency

Frequency is a measure of the abundance and
distribution of a species. Frequency is the percentage
of all sampling units for which the canopy of a species
is present. Frequency is best measured by nested plots,
because it is very sensitive to plant size, dispersal
patterns and density. The point intercept method does
not measure frequency in the true sense of the word,
nor is it the best method to measure this variable.

Frequency is useful for monitoring changes in
vegetation over time, and for making comparisons
among different plant communities. Since it is a
variable that is not easily visualized across the
landscape, you should use it in addition to—but not in
place of—biomass, cover, or density.

Advantages of using frequency as an objective

variable

* Frequency sampling is highly repeatable, because it is
easier to determine presence or absence within a plot
than to measure cover or density.

 Frequency is a quick and inexpensive way to gather
statistical evidence of change in vegetation.

 Frequency is very sensitive to invasions of undesir-
able species.

 Frequency is also very sensitive to relative change
over time for key species.

Limitations of frequency measurements
 Frequency is influenced by the size and shape of the
quadrat used. What is an appropriate size for one
species will not be for another; thus nested quadrats

should be used in most frequency sampling. With
inappropriate plot shape and size, frequency can eas-
ily be over- or underestimated.

« To accurately determine change, the frequency for
the species in question must be between 20% and
80% (some say 30-70%).

 Frequency is very sensitive to changes that occur due
to seedling establishment. This can be offset by col-
lecting seedling information separately.

 Frequency is sensitive to changes in plant distribu-
tion in the sampled area, which hinders interpreta-
tion of changes.

« Interpretation of change is difficult because of the
inability of the observer to determine what attribute
of the vegetation changed. Frequency cannot tell you
if the change was due to change in basal area, plant
size, density, or pattern of distribution.

POINT INTERCEPT METHOD

The point intercept method uses the contact of a point
to measure cover. Many variations on this method
have been used to obtain estimates that are both
statistically sound and economically efficient. The
method used in this handbook is one such variation.

The theory behind this method is that if an infinite
number of points are placed in a two-dimensional area,
the exact cover of a plant species can be determined by
counting the number of points that hit that species.
This method then estimates the values from the
infinite number of points through the use of a sample
number of points.

Advantages of Using the Point Intercept Method

* This is considered the most objective way to mea-
sure cover—either a plant contacts the point or it
does not.

« Point intercept sampling is highly repeatable.

» This method is more precise than cover estimates
using quadrats.

« Point intercept sampling is more efficient than line
intercept techniques, especially for herbaceous vege-
tation.

* This is the best method for determining the cover of
the more dominant species.

* A minimum of training is needed to show field tech-
nicians how to lay out and read point intercept
transects.
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Limitations of the Point Intercept Method

» Sampling errors can occur if the pin is not lowered
plumb to the ground.

* Rare species with low cover values are often under-
sampled.

» Wind increases the time required for sampling.

* A large sample size is often required to obtain rea-
sonable accuracy and precision, especially for species
with low cover values.

* The technique can be slow.

 Use of the point intercept method is difficult in tall
vegetation types, because the “point” needs to be
taller than the vegetation.

OTHER METHODS

For an excellent reference on other methods of
measuring cover, and guidelines for when they are
appropriate, see Elzinga and others (1998 and 2001).
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Monitoring Program Design

At the onset of the design of a monitoring program,
you will need to make a few basic decisions (see
Figure 8):

* Which attribute will best indicate whether each of

your management objectives (see page 20) was
met? Identifying this attribute, or objective vari-
able (see page 29), is a critical step in creating a
monitoring objective.

» What is the appropriate size and shape of each
sampling unit? See page 44 (Plot specifications)
for more details.

» How many plots do you need to monitor? See
page 49 (Calculating minimum sample size) for
more details.

You will make these decisions for each monitoring
type based on site-specific information and site-spe-

cific objectives. There is no such thing as one-size-fits-

all monitoring.

Once you have formulated a design, you can refine it
based on pilot sampling (see page 43). Pilot sampling

“To the person who only has a hammer in the toolkit, every problem looks like a nail.”

—Abraham Maslow

may reveal that it is impossible to address your objec-
tives within the time and money constraints of your
monitoring program. In such an instance, you could
refine your design in any of four ways:

 Change the type of monitoring to a less resource-
intensive type (which will have less statistical cer-
tainty), perhaps one that is more qualitative or
semi-quantitative (e.g., photo monitoring, cover or
density classes).

» Narrow the definition of the monitoring type (see
Glossary) and create two or more monitoring
types (e.g., split mixed grass prairie into Hesper-
ostipa comata—Carex filifolia and Bouteloua curtipen-
dula—Nassella viridula herbaceous vegetation
associations).

» Change the monitoring objectives (see page 23) to
less precisely estimate the variable on which your
minimum sample size is based, or modify them to
detect only larger changes.

« Modify your management objective so that you
can choose to measure a different vegetational
attribute.

( Develop monitoring objectives B

v

Define monitoring types
& write descriptions

E Establish plot protocols

and specifications

[ Conduct pilot sampling

and specifications ~
appropriate?

Yes

Are plot sizes No

Revise monitoring type
description
OR

Revise
protocols
and
specifications

Change
monitoring method

=

[ Run minimum plot analysis

¥

Are your data
highly variable?
|
No
v

Continue data collection as
per your monitoring protocols

Figure 8. Steps in creating and refining monitoring type descriptions.
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Monitoring Types

Using Chapter 3 as a general guide, you have worked
your way through the development of management
and monitoring objectives in the fire effects monitor-
ing flowchart (Figure 2, page 18). Once you have clear,
measurable objectives, your next step is to define the
population that you will monitor. For the purposes of
this handbook, this population is called a monitoring

type.
DEFINING MONITORING TYPES

A monitoring type is a major fuel-vegetation complex
or vegetation association that is treated with a particu-
lar burn prescription (which includes the season of the
burn), or a combination of a burn prescription and a
mechanical or other treatment, e.g., browsing, grazing,
herbicide, seeding, or thinning. For example, a moni-
toring type could be defined as: a red pine dominated
(>50% of the mean total basal area) conifer forest, fuel
model 9, burned in the spring during green-up.

Defining a monitoring type requires considerable judg-
ment. It should be done after careful field reconnais-
sance and in consultation with a fire or vegetation
ecologist. The process as defined in this handbook
calls for stratifying monitoring types by selecting
appropriate defining and rejecting criteria.

Each monitoring type must be relatively homoge-
neous. If a monitoring type is not homogeneous, its
high level of variability will likely indicate the need for
a unreasonably high number of monitoring plots.
However, if a monitoring type includes vegetational
complexes of similar composition spread across a
changing landscape, then it might include a range of
stand densities, structure, fuel load, understory, and
herbaceous associates.

If a monitoring type includes vegetation complexes of
similar species composition, but the conditions that
relate to your management objectives (e.g., fuel load)
vary across the type, then there are two ways to reduce
statistical variability:

* You can create highly variable monitoring types
that may require a large number of plots within
each monitoring type to pick up the within-sample

variability. However, this may reduce the total
number of plots that are rejected in the field.

* You can create strictly homogeneous monitoring
types that can decrease the sample size within a
type, but could dramatically increase the total
number of plots needed to monitor the greater
number of monitoring types being used.

Two types of white pine forest are intermingled
throughout a park, one dominated primarily by white
pine, and another with a mixture of eastern hemlock
and hardwoods. The management objective for both
plant associations is to create a forest with a mean
density of overstory white pine between 75-110 indi-
viduals per hectare within 50 years of the initial treat-
ment. Park managers may want to consider lumping
these two plant associations together into one moni-
toring type. Lumping these two associations will
probably reduce monitoring costs by decreasing the
total number of plots and by increasing sampling
efficiency, as monitors will be less likely to reject
plots that contain the intermingled forest types.

Define the minimum number of monitoring types that
will represent the major fuel-vegetation complexes or
vegetation associations within the units that you will
manage using prescribed fire. Try to resist the tempta-
tion to identify all possible types. A park of moderate
topographic and vegetational complexity could easily
have 50 to 100 possible types using the criteria listed
above; however, this creates an impractical monitoring
design. The necessary compromise should be devel-
oped with the assistance of a vegetation management
specialist and/or fire ecologist. You will then further
refine each monitoring type through pilot sampling
(see page 43).
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Monitoring Types

In the interest of efficiency, start with highly variable
monitoring types, and then divide them if necessary.
Start by delineating a type where your objectives are
the same or similar. Then, look at the variability of
your objective variables within that type. If there is a
wide range of values for these objective variables, then
it may be wise to further divide your type. If not, keep
the type as is.

If you know of another park that has similar vegetation
types, management objectives, burn prescriptions, etc.,
consider using that monitoring type description,
including any changes necessary to compensate for
local differences. This can potentially reduce the total
number of plots needed in each park. If another park
has similar vegetation types, but different objectives,
you should at least review their monitoring type
descriptions to see where your similarities lie.

Step 1: Establish Selection Criteria

The first step is to establish the specific criteria used to
identify each monitoring type. By defining selection
criteria, monitors can determine whether each ran-
domly selected monitoring plot is truly representative
of the type. Defining criteria quantitatively (e.g., >75%
basal area of table mountain pine with <30% white
oak; or >60% cover of blackbrush with <10% cover
of Joshua tree) should permit a qualitative or even
quantitative comparison of trends among monitoring
types or even among similar monitoring types from
different parks.

Types may be differentiated on the basis of one or a
combination of the following elements:

Vegetation composition

Vegetation composition is defined, according to a fed-
eral standard (FGDC 1996), by the mixture of plant
species that form a community. Plant community is a
general term that can be applied to any vegetation unit,
from the regional to the very local. A qualified
resource manager or researcher establish the range and
limits of compositional variability for any named plant
community (e.g., association, alliance). Examples are
Quercus gambelii—Amelanchier alnifolia shrubland associa-
tion, Danthonia intermedia-Solidago multiradiata herba-
ceous vegetation association, and Quercus virginiana-
Sabal palmetto forest alliance. For the current list of fed-

eral standard plant associations, see The Nature Con-
servancy (1998) on the subject.

Vegetation structure

Vegetation structure refers to the distribution of the
composite elemen